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Abstract
It started before Maxwell, Marconi helped it along, and Einstein gave fundamental 
insights. Then, what we came to call radar, was used by Appleton to directly detect the 
ionosphere (Kennelly-Heaviside Layer) in 1925. Further early geophysical uses of radar 
included the development of ionospheric sounders and the study of radar meteors. 
World War II led to significant advances in radar techniques including powerful RF 
transmitter tubes and display devices such as oscilloscopes. After WWII surplus military 
radar equipment and the new engineering techniques led to radio and radar astronomy 
with the development of the Jodrell Bank Experimental Station. With this rich and rapidly 
developing engineering and scientific environment we come to Arecibo Observatory (AO) 
at its 50th anniversary. The reasons William E. (Bill) Gordon developed the 305 m Arecibo 
dish are briefly reviewed. It is particularly appropriate to review the intellectual history 
that led to the 305 m dish and to summarize some of the innovative radar-based 
geophysical research that has resulted. In understanding how AO came to be and the 
many resulting developments that are embodied in the hundreds of PhDs and thousands 
of journal papers that have resulted, we look to the future of AO.



Sir Isaac Newton
25 December 1642 – 20 March 1727

James Clerk Maxwell
13 June 1831 – 5 November 1879

A Dynamical Theory of the Electromagnetic Field. By J. Clerk Maxwell, F.R.S.
Received October 27,—Read December 8, 1864.

• Part I - Introductory
• Part II - On Electromagnetic Induction
• Part III - General Equations of the Electromagnetic Field
• Part IV - Mechanical Actions in the Field
• Part V - Theory of Condensers
• Part VI - Electromagnetic Theory of Light
• Part VII - Calculation of the Coefficients of Electromagnetic Induction

• Phil. Trans. R. Soc. Lond. 1 January 1865 vol. 155 459-512, doi: 10.1098/rstl.1865.0008

So, where does the march 
of science and engineering 

that led to Arecibo 
Observatory begin?

http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_I
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_I
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_II
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_II
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_III
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_III
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_IV
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_IV
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_V
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_V
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_VI
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_VI
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_VII
http://en.wikisource.org/wiki/A_Dynamical_Theory_of_the_Electromagnetic_Field/Part_VII


We have F=ma and the Maxwell Equations. Next we need electrons 
(and ions...) and, thereby, Thomson scattering from “free” electrons in 

the ionosphere which is what Bill Gordon (fortunately) expected to see.

Sir Joseph John Thomson
18 December 1856 – 30 August 1940

Nobel Prize in Physics 1906



Sir Edward Victor Appleton
6 September 1892 – 21 April 1965

Nobel Prize in Physics 1947

Now we begin to see the “path” leading to 
AO. Appleton used what was basically a 
bistatic FM-CW radar to measure the height 
of the ionosphere. This was reported before 
the Brett & Tuve pulsed radar measurement 
although their measurements seem to have 
occurred first... His advisors were J. J. 
Thomson and Earnest Rutherford. His 
students included J. A. Ratcliffe.

Appleton, E. V., and M. A. F. Barnett (1925), On some direct 
evidence for downward atmospheric reflection of electric rays, 
Proc. Royal Soc. Lond., A109, 621-641.



Merle Anthony Tuve
June 27, 1901 - May 20, 1982

Tuve was the founding 
d i rector o f the Johns 
Hopkins Applied Physics 
Lab.

Breit, G., and M. A. Tuve (1925), A 
radio method of estimating the height 
of the conducting layer, Nature, 116, 
357.

Gregory Breit
July 14, 1899 – September 11, 1981

In 1925, whi le a t the 
Carnegie Inst itut ion of 
Washington, Breit joined 
with Merle Tuve in using a 
pulsed radio transmitter to 
determine the height of the 
ionosphere, a technique 
important later in radar 
development. With faster 
publication they would have 
perhaps shared Appleton’s 
Nobel Prize... 

© 1925 Nature Publishing Group
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Plate 5 from Hey et al. (1947) similar to Plate 3 of 
Hey and Stewart (1947) showing a 55 MHz radar 
meteor displaying both a head-echo and an 
associated complex anomalous trail-echo. Note 
that the lower trail-echo likely corresponds to a 
terminal event. These Plates show the earliest 
published vertical-pointing, high-power VHF radar 
head-echoes in modern RTI format thus heralding 
“modern” meteor radar techniques.
Hey, J. S., and G. S. Stewart (1946), Derivation of meteor stream radiants by 

radio reflexion methods, Nature, 158, 481-482.
Hey, J. S., S. J. Parsons, and G. S. Stewart (1947), Radar observations of the 

Giacobinid meteor shower, Mon. Not. R. Astron. Soc., 107, 176-183.
Hey, J. S., and G. S. Stewart (1947), Radar observations of meteors, Proc. 

Phys. Soc. Lond., 59, 858-883, doi: 10.1088/0959-5309/59/5/312.

While there were significant developments in radio/radar in the 
1930’s—e.g., broadcast radio and the ionosonde came into 
use—oscilloscopes and rapid recording devices did not yet 
widely exist. WWII brought developments like the high power 
magnetron and various forms of rapid recording devices such 
as synchronous film recording of the radar Range-Time-
Intensity results. Additionally, new vacuum tubes for receivers 
were developed and usable frequencies quickly moved into 
the GHz range with UHF technology becoming widely 
available. At the end of the war much of this equipment 
became available for science. For example, Sir Bernard Lovell 
founded the Jodrell Bank Experimental Station shown below 
in 1945 with a repurposed radar.



John Ashworth Ratcliffe
12 December 1902 – 25 October 1987

FRS

He and his University of Cambridge group did 
much pioneering work on the ionosphere, 
immediately prior to World War II. He was one of 
many leading radio scientists who worked at the 
Telecommunications Research Establishment 
during WWII. Martin Ryle, Bernard Lovell, and 
Antony Hewish were co-workers there, and Ryle 
and Hewish joined his radio-physics group at 
Cambridge after WWII. His students included 
David Whitehead, Ronald Bracewell, Henry G. 
Booker, Kenneth G. Budden, and Martin Ryle.

Henry G. Booker
14 December 1910 — 1 November 1988

Fellow IEEE, Member NAS

His PhD student and colleague, William E. (Bill) Gordon 
said of Henry—“Henry's research was elegant. That is not a 
word he would have used or that is used very often to 
describe research, but it fits. His work had beauty and 
style, and it was widely admired by those who understood 
it. He created ideas as a composer creates music or a 
sculptor creates art. All can be elegant. His teaching at 
Cornell was widely admired for its clear exposition, even of 
complicated subjects. Typical of his students' comments is 
that by Ken Bowles: ‘The best university level teacher that I 
ever experienced.’”

http://en.wikipedia.org/wiki/University_of_Cambridge
http://en.wikipedia.org/wiki/University_of_Cambridge
http://en.wikipedia.org/wiki/Ionosphere
http://en.wikipedia.org/wiki/Ionosphere
http://en.wikipedia.org/wiki/World_War_II
http://en.wikipedia.org/wiki/World_War_II
http://en.wikipedia.org/wiki/Telecommunications_Research_Establishment
http://en.wikipedia.org/wiki/Telecommunications_Research_Establishment
http://en.wikipedia.org/wiki/Martin_Ryle
http://en.wikipedia.org/wiki/Martin_Ryle
http://en.wikipedia.org/wiki/Bernard_Lovell
http://en.wikipedia.org/wiki/Bernard_Lovell
http://en.wikipedia.org/wiki/Antony_Hewish
http://en.wikipedia.org/wiki/Antony_Hewish


ThisWeek’s Citation Classic FEBR’UARV 8, 1982rBooker H G & GordonW E. A theory of radio scattering in the troposphere.
Proc. iRE 38:401-12, 1950.
(School of Electrical Engineering, Cornell University, Ithaca, NYJ

The theory of scattering of radio waves by
atmospheric turbulence in the troposphere
shows that, at SHF, UHF, and VHF, the scat-
tered field dominates the diffracted field at
receivers located substantially beyond the
horizon. This is the basis of tropospheric
scatter communication. (The SCI~indicates
that this paper has been cited over 120 times
since 1961.]

Henry G. Booker
Department of Electrical Engineering and

Computer Sciences
University of California

La Jolla, CA 92093

November 2, 1981

“In 1949 it was known that, in the SHF,
UHF, and VHF bands, the field received
beyond the horizon often exceeds that due
todiffraction and that, on many occasions,
this is caused by atmospheric refraction.
However, there were some observations that
did not fit the refraction theory. The re-
ceived field in these circumstances was
Rayleigh distributed and suggested a scat-
tering mechanism.
“In 1949, theories of scattering by atmo-

spheric and oceanic irregularities existed for
light and for sound. A theory of scattering
also existed in wavemechanics, particularly
the Born approximation. Moreover, under
the direction of Jack Ratcliffe, a theory of
radio scattering had just been developed at
Cambridge for irregularities of ionization in
the ionosphere.1 When, at that time, I ar-
rived at Cornell from Cambridge, William
Gordon suggested that we apply these ideas
to the troposphere. This paper is what
emerged. One might perhaps imagine that
Cordon was the professor and that I was a
candidate for the PhD degree, but in fact
the reverse was true.

“In ionospheric scattering it was custom-
ary at that time to use a Gaussian autocorre-
lation function for the irregularities; this in-
correct notion persisted in ionospheric scat-
tering for many years thereafter, and for an
even longer period in radio astronomy. It
was again Gordon who realized in 1949 that,
at least for the troposphere, the exponential
autocorrelation function is much closer to
the truth. It was the switch from the Gauss-
ian autocorrelation function to the exponen-
tial autocorrelation function that made
possible the scattering explanation of what
came to be known as tropospheric scatter
communication.
“The paper almost certainly played a

timely role in the development of tropo-
spheric scatter communication. Applied to
the E region of the ionosphere, it also played
a timely role in the development of iono-
spheric scatter communication.2 Applied to
missile wakes, it played a role in identifying
the cause of enhanced radar echoes. Ap-
plied to irregularities in the ionospheric F
region aligned along the Earth’s magnetic
field, it has contributed to our understand-
ing of ‘spread F.’~Even recently, this devel-
opment of the theory has been used to gen-
erate a quantitative treatmentof transequa-
tonal propagation at VHF.~
“The basic theory presented in 1950 has

stood the test of time reasonably well.
However, the exponential autocorrelation
function, while vastly superior to the Gauss-
ian autocorrelation function, has needed
some modification to bring it into agree-
ment with the Kolmogoroff spectrum of tur-
bulence. On the other hand, the numerical
values used in 1950 have not stood the test
of time. No inner scale of turbulence was
then used; it is not important for tropospher-
ic scattering, but it is needed for ionospheric
scattering. The scale used in 1950 was in
fact the outer scale of turbulence. Its
magnitude was grossly underestimated, as
also was the mean square fluctuation of the
refractive index. The two errors roughly
balanced because it is only a combination
of the two parameters that is actually
important.”

1. Booker H 6, RascUufe IA £ Sbl~a0 H. Diffractionfrom an Irregular screen with applications to
ionospheric problems. Phil. Trout. Roy. Soc. London A 242:579-t09. 1950.

2. BaDey D K, Batemia R, Besk.er L V, Booker H G, Montgomery 6 F, Pvrcdll E M, 5alhbsry W WL
Wleaaer 18. A new kind of radio propagation at very high frequencies observable over long distances.
Phys. Rev. S6:141-5, 1952.

3. Booker H 6 L Fesguioa IA. A theoretical mode) lot ionosphenC spread Fechoes in the HPand VHF bands.
I. Amios. Tare. Phys. 4O:803~29.1978.

4. Fergeaoa I A.A scattering theory of transequa:o,ial propagation at VHF.
PhD dissertation. La Jolla, CA: University of California, 1982.
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William E. Gordon and William McGuire working 
with a late 1958 model of the Arecibo radar dish 
and feed system. Note that the original feed system 
envisioned was simply a 500-foot tower at the 
center of the parabolic dish. Professor McGuire was 
on the faculty of the Cornell Department of Civil 
Engineering and was involved in the structural 
design and in the maintenance of the Arecibo dish 
and platform structural infrastructure for many 
decades. (Photo courtesy of Cornell University and 
Prof. D. B. Campbell.)



THE URSI meeting at Penn State where Bill Gordon announced both the concept of incoherent scattering and its 
detection by Ken Bowles.
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the single-crystal sample.
The broad. lithium Line in the single crystal

has a separation of maximum slopes of 24 kc/sec
for an orientation with the constant magnetic
field along a [100]direction. This is larger than
the value 20.6 kc/sec calculated from Van Vleck's
equations. ' Interactions of the Li' nuclear elec-
trical quadrupole moments with field gradients
arising from defects in the irradiated crystal
may be responsible for this broadening.
These findings are in agreement with x-ray

studies of neutron- irradiated I iF. Smallman
and Willis' have concluded from their analysis
that aggregates of fluorine atoms are trapped
within the crystal. Lambert and Guinier have
concluded from small-angle scattering analysis
that lithium atoms are present in the form of
platelets parallel to the (100) planes. Thus the
narrow Li' and F" lines may be due to colloidal
lithium metal and molecular fluorine gas.
Further studies of the lithium and halogen re-

sonances, as functions of radiation dosage and
post-irradiation annealing, are in progress on
both single crystals and powders of LiF and
other lithium halides. Quantitative determina-
tions of the amount of damage and the behavior
of the displaced metal and halide ions are now
possible.

tResearch supported by the U. S. Atomic Energy
Commission.
A cylindrical sample 1/2 in. long and 7/16 in. in

diameter purchased from the Harshaw Chemical Com-
pany.
~H. S. Gutowsky and C. J. Hoffman, J. Chem. Phys.

19, 1259 (1951).
3J. H. Van Vleck, Phys. Rev. 74, 1168 (1948).
4W. D. Knight, Solid State Physics (Academic Press

Inc. , New York, 1956), Vol. 2, p. 93.
R. E. Smallman and B. T. M. Willis, Phil. Nag.

2, 1O18 (1957}.
eM. Lambert and A. Guinier, Compt. rend. 245, 526

(1957).

OBSERVATION OF VERTICAL-
INCIDENCE SCATTER FROM THE

IONOSPHERE AT 41 Mc/sec
K L. Bowles

Central Radio Propagation Laboratory,
National Bureau of Standards,

Boulder, Colorado
(Received November 12, 1958)

The possibility that incoherent scattering from
free electrons in the ionosphere, vibrating in-

dependently, might be observed by radar tech-
niques has apparently been considered by many
workers although seldom seriously, becaUse of
the enormous sensitivity required. Recently
Gordon recalled this possibility to the writer
while remarking that he hoped soon to have a
radar sensitive enough to observe incoherent
electron scatter in addition to various astronom-
ical objects '.Subsequent calculations indicated
that a new 41-Mc/sec pulse transmitter, due to
be received by the National Bureau of Standards,
should permit observation of the incoherent elec-
tron scatter if a relatively simple antenna of
large cross section were constructed.
The phenomenon of incoherent scattering of

electromagnetic radiation by gas molecules has
been recognized for many years at optical wave-
lengths. ' The suggestion of observing electron
scatter at radio wavelengths is a consequence of
the relatively large radar cross section of elec-
trons, compared with atoms or molecules. The
optical observations have confirmed that the
average distance between the scattering particles
determines whether the particles may be con-
sidered to scatter independently. When they do
scatter independently, the scattered power is
proportional to the number of particles present.
When observing a volume deep in wavelengths
containing many particles having a mutual spacing
shallow in wavelengths, the ps, rticles can no
longer be considered to scatter independently.
However, statistical fluctuations of the density
of particles on a scale comparable to a wave-
lengQ gives rise to a different form of scattering,
which turns out to be only slightly weaker than
the completely independent scatter. ' Optical ex-
periments have apparently been somewhat incon-
clusive as to the exact criterion for close versus
loose packing and the manner in which the scatter
behaves in the transition region. One significant
difference between the two kinds of scatter is
apparent —that of frequency broadening of the
scattering wave. The completely incoherent
scatter should be heavily broadened due to Dopp-
ler shifting of the component scattered waves by
thermal motions of the scatterers. The semi-
incoherent scatter, mentioned above, will be
broadened only slightly due to thermal fluctua-
tions. ~ In both cases, radar observation of the
scatter should provide a means of determining
directly the electron density versus height pro-
file of the ionosphere.
The brief observations reported herein were

undertaken in an attempt to verify the existence

454

While Gordon was refining the Arecibo designs, he was 
famously in contact with Dr. Kenneth Bowles, a recent 
Cornell PhD, then at the National Bureau of Standards 
(NBS) in Boulder, Colorado. Bowles had access to an 
NBS 41 MHz forward-scatter transmitter/antenna 
system located near Long Branch (Havana) Illinois. All he 
needed was a suitable zenith-looking antenna system of 
sufficient gain and capability to handle the 4–6 MW peak 
power. The 116m × 140m half-wave dipole array (1024 
elements) was quickly built by a tree surgeon from 
Ithaca, New York and the experiment to test for 
incoherent scattering was conducted with positive 
results (Bowles, 1958).



The first functioning radar feed at AIO. This 430MHz 
hornfeed was constructed to test the full radar system 
before the dish was completed. This feed had a ~10 
degree half-power beamwidth and was in operation in 
mid-October 1962. It was used to receive the sun in 
transit and to obtain lunar echoes as the moon 
transited near zenith (Gordon, 1962a). Photo courtesy 
of Carmen G. Segarra-Saavedra (Segarra-Saavedra, 
2012).

A picture from 13 May 1971 showing the carriage 
house with the 40MHz radar feed system 
consisting of four Yagi antennas placed 
symmetrically around the original square cross-
section 430MHz linefeed. Note the cable car 
giving convenient access to the platform relative 
to the catwalk which is located to the right and 
above the cable car in this photo. Photo courtesy 
of Cornell University and Arecibo Observatory.

Now to some of the radars and HF heater systems at or near to AO. 



Antenna feeds deployed over the AO dish circa 1970. 
The crossed-dipole feed with reflector elements at 
center of the elevation arc is the first HF (5.62 MHz) 
heating antenna. L. M. LaLonde designed and built this 
feed. Carriage house #1 to the right of center supports 
the original square cross-section 430 MHz linefeed and 
the coaxial 40.12 MHz radar Yagi feeds. Carriage house 
#2, now replaced with the Gregorian dome system, 
shows a variety of radio astronomy feeds. Photo 
courtesy of D. B. Campbell and Cornell University.

The Arecibo Observatory feeds in July 1972. The new 430 
MHz linefeed is mounted on carriage house #1 to the right in 
this photo. In the center is the HF log-periodic feed for 
ionospheric heating experiments. To the left is carriage 
house #2 with various radio astronomy feeds including those 
at 318 MHz (left, 40 feet long), 611 MHz (right, 45 feet long), 
the far-right feed is likely 1667 MHz test feed while the feeds 
at the far left are likely nested Yagis at 111 MHz and 196 
MHz (D. B. Campbell, personal communication, 2013). Note 
the catwalk at the upper left of the photo. Photo courtesy of 
Cornell University and Arecibo Observatory.



The Islote heater facility circa 1997. In these aerial 
views most of the two 4 × 4 log periodic antenna 
arrays is visible with the transmitter/control building 
to the left top and the ocean just visible at the top 
right. The dual, closed coaxial “cable” (constructed 
from irrigation pipe) transmission line system to the 
center of each log periodic feed is clearly visible as 
are the support towers. The wire log periodic feeds 
are not visible but are suspended from four towers 
with two linear polarizations each driven from a 
separate transmission line. Photo courtesy of 
Cornell University and Arecibo Observatory.



The Max Planck Institute for Aeronomy 46.8 MHz 
SOUSY radar feed mounted downhill from 
carriage house 1 (CH1) and towed by CH1. This 
was an 11-element log-periodic antenna with 45–
55 MHz frequency range and an 8 dB gain, 
yielding 60 degree half-power beamwidth to 
efficiently illuminate the dish. The 430 MHz radar 
line feed and 318 MHz radio astronomy feed are 
mounted on the carriage house (Röttger et al., 
1981).

The modern 430 MHz linefeed and coaxial 
46.8 MHz dual-polarization Yagi feeds as of 
August 2012. The 46.8 MHz feed is 
comprised of four, 3-element Yagi antennas 
and yields ~1.4 degree fullwidth at half-
maximum beamwidth and ~40 dBi gain 
(Mathews et al., 2010). Photo by author.



305 m dish 

Towers(3) 

Transmitter 
Building 
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Screen 

305m 
Dish 

Screen 
support 
cables 

HF Transmission 
Lines (one per 
transmitter) 

Winches(3) 
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Screen 

Triangle 
(Platform) 

Arriving at 2013...
Schematic cartoon of the new AO on-dish heating 
facility. The upper left schematic shows the side-
view with dipoles just above the dish surface and 
the convex sub-reflector mounted below the 
platform. The top view shows the wide-mesh 
Cassegrain sub-reflector and three of the six 
crossed-dipoles. The transmission lines are ~1000 ft 
in length. Figure courtesy of M. P. Sulzer, Arecibo 
Observatory.

The first of six crossed-dipole HF feeds to be deployed on the 
Arecibo Observatory 305 m dish. These feeds will illuminate a 
wire sub-reflector to be suspended from the towers that will in 
turn illuminate the dish. Three feeds are sized for 5.1 MHz (λ = 
58.8 m) and three feeds for 8.175 MHz (λ = 36.7 m). Modeling of 
the configuration suggests 22.2 dBi one-way gain at 5.1 MHz 
(~12∘ FWHM beamwidth) and 25.5 dBi gain at 8.175 MHz (~8∘  

FWHM beamwidth). As six 100 kW CW transmitters are available, 
each polarization of each of the three feeds at a single frequency 
will be separately driven permitting full polarization flexibility. The 
transmitters are class-A however pseudo-pulsed operation will be 
possible. Later operations at 3.175 MHz may become possible. 
Photo 21 July 2013, JDM.



Where Next?
The Role of Arecibo Observatory in 21st Century Graduate and Post-

Graduate Education
Arecibo Observatory has always presented a remarkable mix of education and research without 
placing artificial boundaries between the various disciplines represented in its day-to-day 
functioning. The fruits of this multidisciplinary and interdisciplinary environment are found in the 
generations of AO “graduates” and in the hundreds of important scientific and engineering advances 
developed here. As university education must evolve beyond its centuries-old models and embrace 
the realities and opportunities of the 21st century, AO is presented with an opportunity to be a leader 
of this revolution. What is needed? Formalization of what AO has always done—with this well-
articulated set of goals, sufficient financing can be found.
• Global scale cutting-edge research & cutting-edge graduate and post-graduate education cannot be 

separated—new management and fiscal paradigms must be discovered.
• Faculty and students not only can but must be distributed around the world—a globalized 

mechanism for assembling “critical-mass” research groups.
• AO will be at the focus of a multi-disciplinary graduate degree awarding entity.
• AO will continue doing cutting-edge research both locally and as part of team science with 

collaborating institutions. Globalization and entrepreneurship are here—multi-institution, multi-
discipline degrees will be awarded.



AO science in the next 20 years.
• For AO science—and thus engineering and educational initiatives—to continue, the physical 

environment surrounding AO must be protected for new infrastructure such as array antennas and 
to provide a buffer against RF and light pollution.

• Critically, a major planning effort to widely protect the RF spectrum and the night sky.
• In the space and atmospheric sciences, as in radio astronomy, transient event studies will become 

more important. See below.
• ASAP sponsored Blue-Sky discussion this afternoon!

D-region

E-region

meteor

meteor

meteormeteor

Gigantic Jet (TLE) observed from AO.
Needs: radars, cameras, magnetometer.

Lunar meteoroid impact flashes and EMPs.
Needs: AO, Haystack, GBT simultaneous observations.

Elemental incoherent scattering and meteors 
observed from AO. Needs: multiple VHF/UHF 

common-volume radars.

Metarecord: t2290_05jun2008.066 
Record: 2250 8.10445 hrs AST



Thanks!

Please consider joining ASAP!
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